) on a number of ampelographic and production variables in two grape cultivars ('Albariño' and 'Caíño Tinto') 
INTRODUCTION
Modern viticulture is characterized by the generalized use of rootstocks. The physiology of grafted vines has been studied by a number of authors (Iannini, 1980; During, 1994; Ollat et al., 2003) , and it is now known that some rootstocks are more efficient than others with respect to the use of water resources and adaptation to calcareous soils (Colapietra and Stramaglia, 1984; Carbonneau, 1985; Corino and Castino, 1990; Corino et al., 2002) . The choice of rootstock is also an important factor in the resistance obtained against certain insects and pathogens (Golino, 1993; McKenry et al., 2001; 196 S. Boso et al. Chambre d'Agriculture de l 'Aude, 2004; Pinkerton et al., 2005) including phylloxera (Hidalgo, 2002) .
The agronomic and ampelographic characteristics of vines can change depending on the area of cultivation (Martínez et al., 1997) , the weather (Corino and Castino, 1990; Corino et al., 1999) , and the rootstock used Simon, 1988, 1989; Giorgessi and Pezza, 1992; Climaco et al., 1999; Corino et al., 1999) . The effects of rootstock type on the vegetative growth of the plant, on fruit production, and on the composition and quality of wine have been studied (Pouget, 1987; Gawel et al., 2000; Corino et al., 2002; Main et al., 2002; Vanden-Heuvel et al., 2004) . Since it is impossible to generalize about the effects of a particular rootstock on different cultivars, or indeed on the effects a rootstock might have in different growing environments, it is important to know the likely outcome of different cultivar-rootstock-environment interactions before any selection is made.
The aim of the present work was to study the influence of rootstock type on a number of ampelographic and production variables in two grape cultivars, 'Caíño Tinto' (red) and 'Albariño' (white). Both of these cultivars are widely grown in Galicia (northwestern Spain) and northern Portugal (where they are known as 'Borraçal' and 'Alvarinho', respectively) (Pinto-Carnide et al., 2003; Santiago et al., 2005a) . Although 'Albariño' is a leading cultivar in Galicia, it has only become of economic importance in the last 20 years. The ampelographic and agronomic characteristics of this cultivar have been described by Martínez and Mantilla (1995) and Boso et al. (2004a) ; its resistance to fungal diseases has also been investigated (Boso et al., 2004b ). An agronomic and ampelographic description of 'Caiño Tinto' was provided by Santiago et al. (2005a Santiago et al. ( , 2005b .
Among the rootstocks most commonly used in the study area are those of Vitis berlandieri hybrids. These show high adaptability to saline soils and good affinity for cultivated grapevines (Hidalgo, 2002) . The rootstock 110 Ritcher is a hybrid between Vitis berlandieri and V. rupestris, while SO4 is a hybrid between V. berlandieri and V. riparia. Both are commonly used given their ability to adapt to many types of soil and environmental conditions (Reynier, 2002) .
MATERIALS AND METHODS

Plant Material and Edaphoclimatic Conditions
The plants used in the present study were cultivars of Vitis vinifera L. 'Albariño' is used to make white wine and 'Caíño Tinto' is used to make red wine. Both are native cultivars of the winemaking regions of northwestern Spain and northern Portugal. These were grown on either 110 Ritcher (Vitis berlandieri Planch. At the beginning of the study the plants were all seven years old. All were cultivated in the same way (grown en espalier and pruned according to the Sylvoz method), and all received the same crop protection treatments. The soil in which they were grown has a sandy loam texture and an organic matter content of 8.9%. The phosphorus content is 132 ppm and the composition of the cation exchange complex [cmol(+)/kg] is 6.0 calcium, 0.53 magnesium, and 0.55 potassium. The mean annual temperature of the area is 14.4°C; mean annual rainfall is 1,586 mm with strong annual variation (Carballeira et al., 1983) .
Ampelographic Study
The ampelographic observations detailed below were made over a period of three years (2000, 2001, and 2002) at different stages of the growth cycle. Every plant was analyzed. When shoots were between 10 and 30 cm long, the variables 001 to 005 proposed by the OIV (1983) were recorded. Variables 006 to 017, 151, and 152 (OIV, 1983) were measured during full flowering. Mature leaves were sampled between flower-setting and veraison. Ten leaves were taken from each cultivar/rootstock combination at node 8 or 9 of a fruiting shoot growing from the wood produced during the sampling year. These leaves were taken to the laboratory, pressed, and stored dry until use. The following variables proposed by the OIV (1983) were recorded for each: 067 to 071, 076, and 079 to 089. The method of Martínez and Grenan (1999) was then used to construct a typical leaf for each cultivar ( Fig. 1) and Figure 2 shows how the teeth were counted. The relationships shown in Table 1 were calculated from the variables recorded in Figure 1 .
During fruit ripening, the most representative grape cluster of each of the ten vines per rootstock/scion combination was selected and its morphology recorded following the method of Martínez and Mantilla (1993) . Five berries were then taken from the central area of each of these ten clusters (i.e., fifty berries per combination) and the following variables (all proposed by the OIV [1983] ) recorded: 204, 222 to 227, 229 to 232, 234, 236, 237, 239, and 240 . These berries were then opened with a scalpel and the seeds extracted.
Production Variables
Given the influence of climate on the production variables recorded, temperature and rainfall data were collected for each year of the study. Production variables were measured over three years : 2001, 2002, and 2005. Harvesting was performed at the same time irrespective of the rootstock/scion 198 S. Boso et al.
FIGURE 1
Leaf variables (measured following the method of Martínez and Grenan, 1999) .
FIGURE 2
Leaf tooth numbers (following the method of Martínez and Grenan, 1999) . 199 combination. For each plant, the cluster, berry, and seed samples collected were used to determine the total fruit weight per plant, number of clusters per shoot, cluster weight (g), cluster length and width (cm), berry weight (g), berry length and width (cm), pedicel length (cm), number of seeds per berry, seed weight (g), and seed length (cm). The percentage of berries with 5, 4, 3, 2, 1, or 0 seeds was also determined.
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The relationship between the number of buds left after pruning on each plant and the number of clusters eventually developed from these provides information on the fertility of a cultivar, which can be quantified using the following index:
The weight (kg) of pruned wood taken from each plant was also recorded to determine the vigor of the plants. To determine the must yield, ten berries were taken from the central part of a representative cluster of each plant; these were then weighed, placed in a centrifuge tube, gently squashed, and centrifuged for 3 min at 3,000 rpm (OIV, 1983; code 233) . The volume of the supernatant was then measured and the must yield calculated as the relationship between the volume (mL) of must obtained and the weight of ten berries. The result was expressed as a percentage.
The sugar concentration of the must (Brix) was obtained using a handheld Brix refractometer and conversion charts, and the potential alcohol content (degrees Baumé) estimated. Total acidity was determined according to the coloration pattern volumetric method (D.O.C.E., 1990). The pH was measured using a pH meter.
Statistical Analysis
Berry and seed quantitative variables were examined by ANOVA using SAS System version 9.1 software (SAS, 2004) . The F test was performed contrasting each fixed factor with its error. All variables that were significant in the F test were analysed by Fisher's protected least significant difference (LSD) test. In all analyses the sources of variation were the rootstock, year, and the interaction rootstock x year. "Rootstock" was considered a fixed factor and "year" a random factor. The quantitative variables of the adult leaves were analyzed by principal components analysis (PCA) using SAS System version 9.1 software (SAS, 2004) .
RESULTS AND DISCUSSION
Climatic Variables Table 2 shows values for the climatic variables for the different years of the experiment. T. = temperature; P. = precipitation.
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Ampelographic Variables Table 3 shows the mean values for the young shoot and adult leaf variables proposed by the OIV (1983) . No significant differences were seen at the ampelographic level for either cultivar with respect to the rootstock used. The same was seen for the cluster and berry qualitative variables (Table 3) . Tables 4 and 5 show the means of the quantitative variables used in the construction of the average leaves according to the method of Martínez and Grenan (1999) . Figure 3 shows the results of the PCA analysis for the average leaves of each cultivar/rootstock combination. The first two principal components explained approximately 81% of the total variance (Table 6 ); the first component (Prin1) explained 56.8% and the second (Prin2) explained 23.9%. With respect to Prin1, the most important variables were those that 
FIGURE 3
Results of PCA analysis. Projection of the average leaves (constructed following the method of Matínez and Grenan, 1999) onto the planes defined by the two first principal components. ALB = 'Albariño'; CT = 'Caíño Tinto'; S = SO4 rootstock; R = 110-Richter rootstock. Production Variables Table 7 shows the results of ANOVA for all the production variables analyzed, taking into account rootstock type and year, and their interaction.
Influence of Rootstock Type 'Albariño' showed differences (p < 0.01) in the number of seeds per berry depending on the rootstock type (Tables 7 and 8) . With rootstock 110R, the berries also contained more seeds. Grapes were found with 3 seeds (40.67%) and even 4 or 5 seeds (24 and 1.33%, respectively). With rootstock 
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SO4, 70% of the berries contained 1 or 2 seeds, (50 and 24%, respectively); only 6% contained 4 seeds and no berries were found with 5 seeds. The rootstock had no influence on the remaining variables studied in this cultivar. However, the type of rootstock did influence the productive behavior of 'Caíño Tinto' (Tables 7 and 8 ). Rootstock SO4 was associated with a significant increase (p < 0.05) in the weight of pruning wood produced per plant (a sign of increased vigor), while 110R was associated with greater cluster weights and greater fertility.
Thus, when 'Albariño' and 'Caíño Tinto' are grown on these rootstocks they do not behave in the same way. As indicated by other authors (Giorgessi and Pezza, 1992; Climaco et al., 1999) , the influence of the rootstock differs depending on the cultivar to which the scion belongs.
Influence of the Factor "Year"
As expected, the climatic conditions of each year had a significant influence on the growth cycle (Tables 7 and 9 ), affecting more variables than the rootstock type (Corino and Castino, 1990; Main et al., 2002) . However, this influence differed with respect to cultivar. Variables, such as cluster weight, length, and width (p < 0.01), the number of clusters per shoot (p < 0.01), potential alcohol content (p < 0.01), and must yield (p < 0.001), were all affected in 'Albariño'. In 2002, the clusters were smaller, the must yield was lower, and the potential alcohol content reduced. This might be explained by the fact that the accumulated rainfall over the berry-forming months (Tables 7 and 9 ), the factor "year" affected fewer variables than in 'Albariño'. However, cluster weight (p < 0.05), berry weight (p < 0.05), the weight of pruned wood (p < 0.01), and total acidity (p < 0.01) were all affected in 'Caíño Tinto' and not in 'Albariño'. These variables showed significant differences from one year to the next, clearly confirming the influence of weather conditions (Hidalgo, 2002) . The lowest cluster weight and total acidity values were recorded in 2002, but significant differences were seen between all years. The greatest berry weight was recorded in 2001-significantly greater than that recorded for the other two years. This might be explained by the rainfall that fell in the eight days before harvest ( 
Influence of the Interaction Rootstock x Year
The analysis of this interaction shows whether a rootstock is able to promote greater consistency in terms of production variables from one year to the next. In 'Albariño', the interaction rootstock x year (Tables 7  and 10 ) had a significant effect on berry weight (p < 0.05), berry width (p < 0.01), seed length (p < 0.001), pedicel length (p < 0.01), and must pH (p < 0.01), while in 'Caíño Tinto' it affected cluster length (p < 0.01), berry length and width (p < 0.001), pedicel length (p < 0.001), total fruit weight (p < 0.05), must yield (p < 0.05), and must pH (p < 0.001). Neither rootstock nor year alone appeared to significantly affect these variables. Other authors also report that different rootstock/scion combinations can differ significantly in terms of the pH of the must produced (Vanden-Heuvel et al., 2004) . Research by Giorgessi and Pezza (1992) , however, indicated that the interaction rootstock x year had no significant affect on this variable. For the remaining variables monitored, the interaction rootstock x year was significant in both cultivars, but no explanation for this is obvious.
For 'Caíño Tinto', it would appear that rootstock 110R promotes the production of longer clusters and a greater weight of berries per plant (a trend seen every year). 
CONCLUSIONS
In conclusion, these results show that rootstock type does not influence the ampelographic characteristics of 'Albariño' or 'Caíño Tinto' vines. However, it can influence some of the production variables of these cultivars. Thus, an amplelographic study carried out with plants grafted onto different rootstocks is valid. However, as the behavior of both rootstocks was different depending on cultivar, the evaluation of the production variables requires that all plants be grafted onto the same rootstock.
This article offers the first agronomic data for these cultivars with respect to the influence of rootstock type in combination with the climatic data. Even though 'Albariño' and 'Caíño Tinto' are ancient cultivars, it should be noted they were first cultivated on a large scale just 20 years ago in the case of 'Albariño' and just 3-5 years ago in the case of 'Caíño Tinto'.
The efficacy of these rootstocks in other regions where 'Albariño' and 'Caíño Tinto' are grown, and where edaphoclimatic conditions are different, should be studied in future work.
